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PREFACE

In the author's
" Number Stories of Long Ago" these

number puzzles were given without solutions. In prepar-

ing that little work for the pupils in the elementary school

it was felt that much of the interest in the puzzles would

be lost if any explanation were given in the text. It is

evident, however, that the solutions of all the problems

should be made somewhere available, and for that reason

this pamphlet has been prepared.

The puzzles which appear in Chapters IX and X of
" Number Stories

"
are here reproduced, but for evident

reasons the precise wording has not been retained. State-

ments that are necessarily extended when a story is being

told to children may properly be condensed when a mere

list of problems and solutions is being prepared.

It is hardly necessary to say that the puzzles are not

original. There is a considerable literature on the subject,

extending back to the Greek mathematicians, and from

this historical material selections have been made.

The side references in black relate to the pages in

" Number Stories."

It is proper in this connection to add a few words

on certain points that arise in connection with " Number

Stories." As stated in the preface to that work, the his-

torical facts were set forth as precisely as circumstances

allow. In a case like Robert Record, for example, that
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NUMBER PUZZLES

writer also spelled his name "
Recorde," but in a work

for children it was thought best to take the simpler form,

since he used this as well as the other. Similarly, the

name Caius was chosen because it is a common form,

although from the linguistic standpoint it might more

properly appear as Gaius, a spelling that is much less

familiar to general readers. With respect to such forms as

the Egyptian, Babylonian, Chinese, and Roman numerals

the attempt was simply made to give a general impression

of various methods of writing numbers. If the work had

been written for scholars it would have been necessary to

consider the use of inverted characters, of numerous other

early forms, and of various other sequences of symbols.

DAVID EUGENE SMITH



NUMBER PUZZLES BEFORE
THE LOG FIRE

Page 99. If you take any number, say 3827, and simply

mix the figures up, as in 2783, and then take the difference,

this difference is always divisible by 9.

The reason is that the remainder arising from dividing any
number by 9 is the same as the remainder arising from dividing

the sum of its digits by 9. Therefore we may change the order

all we wish, and the subtracting of one number from the other

will just cancel this remainder.

Page 100. If you write any number of four figures, I

will write a number underneath and you will find that the

sum of the two numbers is 9999.

This I do by simply subtracting each digit from 9 ;
that is,

if you write 4726, I write 5 (which is 9 4), 2 (which is 9 7),

7 (which is 9 2), and 3 (which is 9 6), my number being

5273 and the sum being 9999. If you write two numbers, I

write two in the same way that I wrote 5273. The sum will

then be 2 x 9999, or 19,998. In the same way, if you write

three numbers, 1 will write three numbers, and the sum will be

3 x 9999^ or 3 5
00 3> or 29,997, and so on.

Page 101. What figure must be annexed to 74,289 in

order to have the number divisible by 1 1 ?

The answer is 6, the number then becoming 742,896.
This is found by the help of a law in arithmetic which says

that a number is divisible by 1 1 if the difference between the
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sums of the digits in the odd and even places is o or any other

multiple of ii. In the case of 74,289 we see that the sum of

the digits in the odd places (9 + 2 + 7) is 18, while the sum
of those in the even places (8 + 4) is 1 2. Taking the difference,

18 12 = 6, so I must annex 6 in order to have 18 18 = 0.

The number 742,896 is also divisible by 9 because the sum of

its digits (7 + 4 + 2 + 8 + 9 + 6 = 36) is divisible by 9. Since

it is divisible by 9, it is also divisible by 3. Since it ends in an

even number, it is also divisible by 2. Because it is divisible

by 2
> 2f> 9i and 1 1, it is also divisible by such products as 2 x 3,

2x9, 2x11,3x9, 3x11, and so on.

Page 102. Think of a number, multiply it by 2, add 18,

divide the result by 2, subtract the original number, and

the result is always 9.

The explanation becomes very simple after a pupil knows a

little algebra, for
2 .r+i8

*-.

whatever the value of x. Although the explanation may not be

adapted to the pupils, the puzzle is none the less interesting.

Page 103. Think of a number, multiply it by 6, add 12,

divide by 3, subtract 2, divide by 2, subtract the original

number, add 9, and the result is always 10.

The explanation is easily understood by algebra, for

^6^-4-12 \
,

2X + 4 2
x + Q

2

= x + 1 x + 9
= 10

whatever the value of x.

Which is correct : 6 and 7 are 1 4, or 6 and 7 is 14?

Neither, for 6 4- 7 = 13, but either
"

is
"
or " are

"
is correct.
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BEFORE THE LOG FIRE

If 6 cats eat 6 rats in 6 minutes, how many cats will it

take to eat ioo rats in ioo minutes, at the same rate?

It will take 6 cats. For

6 cats eat 6 rats in 6 minutes
;

so that i cat eats 6 rats in 36 minutes,

1 cat eats 1 rat in 6 minutes,

1 cat eats 1 00 rats in 600 minutes,

6 cats eat 100 rats in 100 minutes.

Page 104. Explain the following :

Ten fingers have I on each hand

Five and twenty on hands and feet.

Simply punctuate the couplet as follows :

Ten fingers have I
;
on each hand

Five
;
and twenty on hands and feet.

Write an even number, using only odd digits.

There are many ways, such as 3|, 5|, and so on.

Write a hundred without using zero.

It can be done in various ways; for example, 99I, C, hundred.

Page 105. Find a simple way of writing the products

18 X 37, 21 X 37, 24 X 37, and 27 X 37.

From the work given on page 105 of "Number Stories," we
see that

18x37=666, and 6 + 6 + 6=18

21x37=777, and 7 + 7 + 7 = 21

24 x 37 = 888, and 8 + 8 + 8 = 24

27 x 37 = 999, and 9 + 9 + 9 = 27
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Page 106. Find a simple way of writing the products

28 X 15,873, 35 X 15,873, 42 X 15,873, and 49 x 15,873-

Noticing that 28 = 4 x 7, 35 = 5 x 7, and so on, and refer-

ring to the results on page 105, we see that

28 x 15,873 = 444,444

35 x 15,873 = 555,555

42 x 15,873 t= 666,666

49 x *573 = 777,777

From this we see that we must multiply 15,873 by 8 x 7, or

56, to obtain 888,888, and by 9 x 7, or 63, to obtain 999,999.

Page 107. Write twelve thousand twelve hundred and

twelve.

12,000

1,200

12

13,212

Evidently we may write these numbers sep-

arately. If we add them we have 13,212, but of

course no one would read this
" twelve thousand

twelve hundred and twelve." We have the

same trouble in writing eleven thousand eleven

hundred and eleven.

In arithmetic the word M and "
is usually omitted in cases like

the above.

Page 108. Which is greater, six dozen dozen or a half

dozen dozen ?

Six dozen dozen is 6 X 1 2 'x 12, while a half dozen dozen is

only 6x12.

Take nine from six, ten from nine, and fifty from forty,

and show that the remainder is six.

SIX IX XL
IX JC L

S
"

4- I + X = SIX

4



BEFORE THE LOG FIRE

Page 110. Write one hundred, using only the nine digits

and the signs of arithmetic.

There are various ways besides the one given on page 1 1 o.

For example, 74 + 25 + | + T
9
s
= 100

95+ 4+fl+ h =100

98+ 1+ f + H = ioo

Page 111. Find a number of two digits which is equal

to twice the product of those digits.

The number is 36, for

36 = 2 x 3 x 6.

A snail crawling up a pole 10 feet high climbs 3 feet

every day and slips back 2 feet every night. How long

will it take to reach the top?

Eight days. At the beginning of the second day it is 1 foot

above the ground ;
at the beginning of the third day, 2 feet

;

and so on, to the beginning of the eighth day, when it is 7 feet

above the ground. But on the eighth day the snail crawls up

3 feet more and so gets to the top.

Write figures in place of the letters given below so as to

make the multiplications correct :

ICC
I N

NTT
ICC
IANT
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Page 112. Write figures in place of the letters given

below so as to make the divisions correct :

EMA
MA)UEMA

MA
TM
AS
EMA
EMA



BEFORE THE LOG FIRE

Page 113. Write twenty, using only four cj's.

9 + 9/-
= 20.

A bottle and a cork cost $1.10, and the bottle costs $i

more than the cork. How much does each cost ?

The bottle costs $1.05, and the cork costs 5 cents.

Which is the heavier, a pound of gold or a pound of

feathers ?

A pound of feathers is the heavier, because a pound of gold

would be weighed by Troy weight, in which the pound is lighter

than in the avoirdupois weight. A pound of lead and a pound
of feathers weigh the same. A Troy pound is 5760 grains, while

an avoirdupois pound is 7000 grains.

How many minutes will it take to cut a strip of cloth

50 yards long into strips 1 yard long if each cut takes

one minute ?

It will take 49 minutes to cut off 49 yards, and the remaining

yard, or fiftieth yard, does not need cutting.

After cutting off ^ of a piece of cloth, a merchant had

100 yards left. How many yards did he have at first ?

He had 1 1 1 ^ yards at first.

Page 114. How many quarter-inch squares does it take

to make an inch square ?

It takes 4 x 4, or 16.

How many quarter-inch cubes does it take to make an

inch cube ?

It takes 4 x 4 x 4, or 64. ..
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If an apple just balances in weight with of an apple

of the same weight and of an ounce, how much does

the apple weigh ?

The apple weighs 3 ounces, for 3 ounces is equal to f of

3 ounces + 5 of an ounce.

Two fathers and two sons divided three apples among
themselves, each receiving exactly one apple. How was

this possible ?

Suppose that the persons were Mr. Jones, his son, and his

grandson. There are two fathers in the group and also two

sons, but there are only three persons.

Page 115. In a family party there were 1 grandfather,

2 fathers, 1 grandmother, 2 mothers, 4 children, 3 grand-

children, 1 brother, 2 sisters, 2 sons, 2 daughters, 2 married

men, 2 married women, 1 father-in-law, 1 mother-in-law, and

1 daughter-in-law. How many were there in the party ?

There might have been only seven an old man and his wife

together with their son and his wife, his two daughters, and his

son. If these are counted, it will be seen that there are 1 grand-

father, 1 grandmother, 2 fathers, and so on, as the problem states.

Page 116. Find a number which when multiplied by 3

and the result added to 8 becomes 35.

The number is 9, as is seen by working backward from 35.

In algebra it is found by solving the equation 3x + B = 35.

Explain this old puzzle :

Every lady in this land

Has twenty nails upon each hand

Five and twenty on hands and feet

And this is true without deceit.

8



BEFORE THE LOG FIRE

Simply punctuate as follows :

Every lady in this land

Has twenty nails
; upon each hand

Five
;
and twenty on hands and feet.

Write 78, using only the figure 7, but repeating it as

often as you wish.

Write it like this : y/^-, or jy\ f, and so on.

The rest of the puzzles in the Question Box are suf-

ficiently evident from the puzzles given in the text.

Page 119. There were two Arabs who sat down to eat,

one with five loaves, and the other with three, all the loaves

having the same value. Just as they were about to begin,

a third Arab came along and proposed to eat with them,

promising to pay eight cents for his part of the meal. If

they ate equally and consumed all the bread, how should

the eight cents be divided ? Remember that one Arab

furnished five loaves and the other furnished three loaves.

One should have 7 cents, and the other 1 cent.

Each Arab ate ^ of 8 loaves, or 2 loaves. The Arab who
furnished 5 loaves gave to the visiting Arab 5 2 loaves, or

2^ loaves, and 2 }
=

J. The other Arab, who furnished 3 loaves,

gave to the visiting Arab 3 2^ loaves, or ^ of a loaf. So one

Arab gave 7 times as much as the other and should receive

7 times as much money.

A man had five pieces of chain, each having three links.

He asked a blacksmith how much he would charge to

make them into one piece of chain. The blacksmith re-

plied that he charged two cents to cut a link and two cents

to weld or fasten together a link. How much was the

blacksmith's charge ?

9
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It would cost 1 2 cents. Simply cut each of the three links

of the last part and fit these links between the other parts. You
then cut three links and weld three links.

Page 120. How may you arrange the figures i, 6, 8 so

that the three-figure number that you make shall be exactly

divisible by 9 ?

In the number 168 turn the 6 wrong side up, making 198.

When chess was invented, the Persian king was filled

with great joy and commanded that chessboards should be

placed in all the temples of the kingdom.
"
Moreover," he

said to the inventor of the game,
" ask what you will."

Thereupon the inventor replied,
M Give me, O king, a single

grain of wheat to place in the first square of the chess-

board, two in the second, four in the third, and so on,

doubling the number each time, until all the sixty-four

squares are filled." How many grains were needed ?

The result could be found by adding 1, 2, 4, 8, and so on,

until 64 numbers were used. Algebra tells us a shorter method :

264 _ 1 = 18,446,744,073,709,551,615

Page 121. A man wanted a blacksmith to shoe his

horse. The blacksmith said he would do so if he were

paid one cent for the first nail, two cents for the second,

four cents for the third, eight cents for the fourth, and so

on, doubling the amount each time. There being twenty-

four nails, how much did it cost to shoe the horse ?

The result may be found by adding. Algebra tells us a

shorter method :

224 1 =16,777,215

The amount in dollars is $167,772.15.
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Page 122. A girl was carrying a basket of eggs, and a

man driving a horse hit the basket and broke all the eggs.

Wishing to pay for the damage, he asked the girl how

many eggs she had. The girl said she did not know, but

she remembered that when she counted them by twos,

there was one egg left over
;
when she counted them by

threes, there was also one egg left over
;
when she counted

them by fours, there was also one left over
;
but when she

counted them by fives, there were no eggs left over. How

many eggs were there ?

She had 25 eggs. We can easily see this, because the number

is divisible by 5 and hence must be in the series 5, 10, 15, 20,

2 5> 3> and so on. We have simply to select a number out of

this series which has a remainder of 1 when divided by 2, 3,

or 4. The only number of reasonable size that meets these

requirements is 25.

Page 123. A mule and a horse were carrying some bales

of cloth. The mule said to the horse,
"

If you give me one

of your bales, I shall carry as many as you."
M

If you give

me one of yours," replied the horse,
"

I shall carry twice

as many as you." How many bales was each carrying ?

The mule carried 5 bales and the horse carried 7.

At one time the clocks of Venice struck from 1 to 24.

How many strokes were there in twenty-four hours ?

We might find the result by adding, thus : 1+2 + 3 + 4 + ,
and

so on to + 23 + 24. Algebra furnishes us with a shorter method :

^ of (1 + 24) x 24 = 25 x 12 = 300

Page 124. Suppose that Achilles can run ten times as

fast as a turtle and that the turtle has a mile the start.

How long will it take Achilles to overtake the turtle ?
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In 10 minutes Achilles will go I mile, and the turtle will go

j\y of a mile, so that in 10 minutes Achilles will gain
-

x% of a mile

on the turtle. If he gains T
9
^ of a mile in 10 minutes, he will

gain t o f a m^e m l mmute. To gain I mile it will take him

1 "*" Tt)^ minutes, or ^f2- of a minute, or n| minutes.

This is easily seen by computing the distance that each will

go in 1 1 ^ minutes.

Page 126. Show how to distribute ten pieces of sugar in

three cups so that every cup shall contain an odd number

of pieces.

Place 7 pieces in one cup and 3 in another, and then place

one of these cups in the third cup.

In a box there are six apples. Divide these equally

among six boys in such a way as to leave one apple in the

box, but do not cut any apple.

Give one apple to each of 5 boys and then give the other

boy the box with the remaining apple in it.

A man sold his farm for $5000, which is what it cost

him, then bought it back for $4500, and then sold it again

for $5500. How much did he gain ?

He gained $1000. He began with a $5000 farm, and his

expenditures were $5000 (farm) + $4500, while his receipts were

$5000 (farm) + $5500. His total expenditures were therefore

$9500 and his total receipts $10,500.

Page 127. What is the number of two figures which

multiplied by 8 becomes 20 ?

The answer is f .

Show that six and six are eleven.

Take a Roman VI and turn it upside down, making AI. On

top of this put VI and you have XI.

12
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Show that four and four are nine.

Take a Roman IV and turn it upside down, making IA. On

top of this put IV and you have IX.

Three brothers divided four apples among themselves

so that one had no more than the others, and yet no apple

was divided. Explain how this was possible.

Give one boy two apples and each of the others one apple.

Then no boy has no more than the others, although one of

them has more than either of the others.

Page 128. Show that half of 18 is 10.

Simply draw a horizontal line through 1 8 so that each half

will be 10.

What number is the same when turned wrong side up ?

Simply turn 69 through 180 without lifting it from the

paper, and it becomes 69 again. We might take 96, 6969, 9696,
and so on.

Page 129. Take eleven marbles, take away five, add

three, and the result is eight.

Simply add the 3 to the 5 and the result is 8.

Page 131. How long would it take you to cut a 60-yard

piece of cloth into i-yard lengths, at 1 minute to each cut?

It would take 59 minutes. The sixtieth piece would not need

to be cut.

Show that half of 88 is twice as much as nothing.

Draw a horizontal line through the number and each half

will be 00.

13
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If you walk halfway to the door and then walk half of

the remaining distance, and then half of what is left, and

so on continually, how long will it take you to get out of

the room ?

It would be impossible ever to get out of the room, however

fast you walk. If, however, it takes i minute to walk the first

distance, ^ minute to walk the next distance, and so on, the

number of minutes taken to reach the door is i + 2 + i + I + >

and so on. Algebra teaches us that the sum of these numbers

cannot exceed 2, so that you could reach the door in 2 minutes.

A man with $1 wanted $1.25. He pawned the $1 for

75 cents and then sold the pawn ticket for 50 cents. He
then had his $1.25. Who lost on the transaction ?

The man who bought the pawn ticket, since it was good for

only 25 cents, the difference between $1 and 75 cents.

In a certain town three per cent of the inhabitants are

one-legged and half of the others go barefoot. How many
shoes are necessary ?

As many shoes as there are inhabitants.

The one-legged group each wear one shoe. Of the remainder

of the population, if one half go barefoot, that is equivalent to

all the remaining population wearing one shoe apiece ;
there-

fore it will take the equivalent of one shoe to every person for

the town to be shod in accordance with the terms of the problem.

The three per cent might as well be any other per cent, and it

makes no difference what the population is. The answer always

is as many shoes as there are people in the town.

The rest of the puzzles in the Question Box are suffi-

ciently evident from the puzzles given in the text.

14
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NUMBER STORIES OF LONG AGO
By David Eugene Smith

Professor of Mathematics in Teachers College, Columbia University

136 pages, illustrated, 48 cents

Never before has there been a storybook written about num-

bers. And this is a true storybook, not merely a dulcet method

of administering knowledge more or less unpalatable to young

appetites. It is more than a storybook, however. The informa-

tion here narrated is historically correct
;

it is closely related to

the reader's daily school life
; and, above all, it interests him in

those curious devices which he must study every day of his

school life and use every day thereafter.

The book is intended for supplementary reading in Grades

V-VIII and, particularly, in Grade VI.

The man who wrote " Number Stories
" knows the most

about the subject of anyone in America. The artists who illus-

trated it are among the best in the country. Every picture is

instructive, each has artistic merit, and the eight full-page

colored inserts will set every child agog to read the stories.

"
Adults will find such a mine of interesting information in

the book that they too will read it to the end. They may think

it is for them also, but the children will know for whom it is

written."

GINN AND COMPANY Publishers



WENTWORTH-SMITH MATHEMATICAL SERIES

WORK AND PLAY WITH
NUMBERS

By George Wentworth and David Eugene Smith

iamo, cloth, 144 pages, illustrated in cor, 42 cents

/ *..- -
'

THIS
is a number primer written:along new lines, present-

ing simple number work for the first two years of school.

Nursery rimes and} attractive illustrations in color are made the

basis of much of^the teaching.

The book is designed to take advantage of the child's natural

taste for number work, and to keep alive the interest which a

formal textbook in arithmetic would quickly destroy. The

method is therefore informal, the simpler number relations of

addition, subtraction, and multiplication being set forth in such

a manner as to appeal to the child.

The illustrations, which depict the things best liked by children

and which thus relate the text to the child's interest are a dis-

tinctive feature of the book. The print is large and easy to read

and the numbers appear in script as well as in print.

The authors, George Wentworth and David Eugene Smith,

are among the foremost mathematicians and writers of mathe-

matical textbop^s to-day. The Wentworth-Smith Arithmetics are

Standard^, aticl tfhis number primer shows the same insight and

the same adherence to pedagogical principles that have made

the earlier books famous.

T
'

120

GINN AND COMPANY Publishers



WENTWORTH-SMITH
ESSENTIALS OF ARITHMETIC

"THE EFFICIENT ARITHMETIC'

Here is a remarkable new arithmetic, fresh, vigorous, point-

ing the way to more efficient results.

It is designed to fit those courses of study that look toward

an elimination of certain topics still demanded in many places

and toward a greater emphasis of the remaining topics. It is

especially rich in applications of arithmetic to everyday life.

The strong, dominant features common to the other books

by these authors have been retained. The fine problem material

which has characterized their previous arithmetics has been uti-

lized, and additions have been made in conformity to the new

civic, industrial, and school requirements. Cumulative reviews

at the end of each chapter assure thoroughness.

Although thoroughly up-to-date and reflecting the best of

modern pedagogy, the books do not go to extremes. They in-

clude no unimportant or extraneous matter that obscures the

arithmetic. They are moderate, masterly, and usable.

Every page is a unit. Each topic begins a new page. The

type is large, the page is wide and open, the cuts are clear,

and the; pupil is guarded against eyestrain in every possible

way. The binding is attractive and made to wear.

THREE-BOOK SERIES

Primary Book 282 pages, illustrated $0.42

Intermediate Book 282 pages, illustrated . . . . . .48

Advanced Book 290 pages, illustrated 52

TWO-BOOK SERIES

Primary Book 282. pages, illustrated 42

Grammar School Book 536 pages, illustrated . .
*

. . .72

GINN AND COMPANY Publishers



THE

TEACHING OF ARITHMETIC
By David Eugene Smith, Professor of Mathematics in Teachers Collet

Columbia University

[2mo, cloth, 196 pages, illustrated, $1.20

This work has been prepared to meet the needs of reading

circles and of teachers in the elementary school. It considers

the origin of arithmetic, the reasons for teaching the subject, the

various noteworthy methods that have been suggested, ar.
J

the work of the various school years. Besides these general

topics it discusses at length what arithmetic should include, the

nature of the problems, the arrangement of material, the plac*

of oral arithmetic, the nature of written^an!hmetfewife^i lalyses

to be expected of children, the modern improvements in the

technique of the subject, the question of interest and effort,

the proper subjects for experiment, and the game element.

The book is not one of explanations of mathematical proc-

esses, nor is it concerned with little devices, these being suffi-

ciently developed in the ordinary textbooks. It seeks rather to set

before the teacher the larger phases of the subject and to encour-

age her to progressive, enthusiastic, intelligent work in the grades

of the elementary school. It is written in a nontechnical style

that will appeal to all readers, and it supplies a large bibliography

that will help teachers who wish to investigate the subject further.

GINN AND COMPANY Publishers
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